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Introduction
Practices in the prevention and control of healthcare-associated infections (HAI) are recent. Major strides in this area resulted from the pioneering work of Florence Nightingale and Ignaz Semmelweiss in the 19 th century and the subsequent discoveries and progress of microbiology 1, 2 .
Over the years, this trend focused increasingly on HAI, raising awareness of the increase in the incidence of such infections worldwide, in addition to highlighting them as a preventable situation and an unwanted result of healthcare, thus making them a serious major public health problem 3, 4, 5 .
Given this scenario, it is extremely important to identify the determinants and risk factors related to such infections through active search in critical or problematic areas in various healthcare services in order to help characterize their epidemiological profile and thus allow planning and implementing measures for their prevention and control. Tools from epidemiology and microbiology, linked to information systems, have become an essential mechanism in various countries of the world that seek practices for which case-resolution capacity can be evaluated.
In the hospital setting, HAI surveillance systems have been developed for at least three decades in various regions of the world, while other regions lack even a minimum infrastructure for guaranteeing basic hygiene during provision of care 6, 7 . This scenario is mirrored at the government level: while some countries have already developed advanced surveillance systems, others ignore them entirely. The creation of HAI surveillance systems at the government level is rather recent and is still being implemented around the world and particularly in Brazil.
The current study thus aimed to conduct a narrative review of government HAI epidemiological surveillance. We opted to characterize HAI epidemiological surveillance systems from selected countries, focusing on the historical process of their development and their main functional characteristics. The selection of these countries was based on the current study authors' perception that they have produced government models for HAI epidemiological surveillance systems. The study is expected to contribute to the discussion on the main challenges in promoting a unified, efficient, and effective Brazilian system.
Methods

Study design
This study was a narrative literature review. Information was collected by consulting government agency websites from the selected countries, which the authors defined as having a tradition in HAI prevention and control. We also consulted technical documents published by these agencies. We only selected documents with a relevant approach to HAI surveillance systems. The choice of the gray literature was due to the study's object, given that the required information is not always published in indexed journals. However, we also incorporated a search for cross references from periodicals, based on citations from the above-mentioned documents. The search was conducted from January 2011 to January 2013. Three researchers conducted the website search and downloaded and selected the articles (C.N.J., D.S.M., and M.C.P.).
Inclusion and exclusion criteria
Selection of these countries was based on the perception and recognition that they are models for HAI epidemiological surveillance [ We initially sought to identify countries on the different continents whose output in the scientific media (periodicals and congress meetings) demonstrated a certain level of organizational structure; this stage provided the point of departure for a detailed search of government agency websites. Exclusion criteria for the study were websites or documents that failed to contain or provide clear information on the study's object of interest.
Selected variables and data analysis
On each website, we identified the historical process in the formation of the surveillance system and the principal characteristics of its functioning, such as: reporting periodicity, data transfer methods, inclusion criteria for participation by health institutions, voluntary nature of participation, and surveillance components. This information was later cross-referenced with other bibliographic lists in order to complement the respective knowledge and capture the trend in this process in the world context.
The principal characteristics of these systems were grouped, based on an analysis of this historical process and technical characteristics, thus contributing to the discussion of these issues in developing a unified system for Brazil.
History of government HAI surveillance systems in the world
The epidemiological approach to infectious diseases in the hospital setting dates to the early 19 th century, even before the germ theory of disease. Florence Nightingale played a famous role in this scenario during the Crimean War, when she conducted control measures aimed at reducing such diseases and monitoring infection and mortality in English soldiers, using statistics 2 . Since then, over the decades, and added to evolution in microbiology, pharmacology, and healthcare technologies, monitoring this phenomenon was stepped up and became increasingly relevant, to the point of being incorporated by hospitals worldwide 6 .
When such practices were still in the initial implementation, based on limited awareness of the phenomenon as a public health threat, no government action was taken to monitor HAI. The first reports from population studies that sought to identify the situation with HAI began in the late 1960s. The process stepped up in the early 1970s, with a significant increase in the 1990s.
The basis for these initial studies was the search for data reflecting the real context in which HAI occurs, an apparently serious situation, but in fact with limited data. Thus, having objective information, various countries would obtain backing for new practices to be planned in order to minimize or even eliminate the problem.
Based on these preliminary studies, the first surveillance systems were developed, aimed not merely at immediate knowledge of the phenomenon, but rather at its constant and global follow-up through permanent monitoring of populations.
The initial reference for these studies appeared in the 1970s in the United States, through the CDC, which was seeking to evaluate HAI in the country and organized the National Nosocomial Infection Study, the first major study on HAI in the world. This initial study included 70 hospitals and sought to identify trends in rates, the most heavily affected areas, and microbial resistance, but still lacking precision in the results 8, 9, 10 .
Along this line, from 1970 to 1974 the CDC also launched the Study on the Efficacy of Nosocomial Infection Control (SENIC), a project with three basic objectives: identify surveillance programs and their relationship to the reduction of infection rates; estimate the magnitude of HAI; and detect relations between programs, services, and patients for the prevention and control of these infections. The study concluded that effective surveillance programs reduce infection rates by 30%, thus calling attention to the importance of surveillance programs for prevention and control 8, 9, 10 .
In 1986, these results provided the basis for creating the first HAI surveillance network in the world, the National Nosocomial Infection Surveillance System (NNIS), which has improved over the years and is currently incorporated into the National Healthcare Safety Network (NHSN) 8, 10, 11, 12, 13 .
Since then, the United States has continued to take a leading role in this process, and the project gained strength over the years, becoming the reference for the majority of surveillance networks created subsequently in other countries.
In the 1970s, Europe also began to focus on monitoring HAI, following the North American example. The 1 st European Council expressed the concern on the part of European countries in relation to the surveillance and control of these infections. Since then, studies began to be developed in various regions of the European continent, providing data in some countries and forming an initial structure for networks that were still fragmented and individualized, and thus still suffering from problems with unification and standardization in various contexts 14, 15, 16, 17 .
After years of study in this context, the member countries of the European Union, funded by their own budgets and encouraged by the World Health Organization (WHO) and other regional agencies, decided to launch a single HAI surveillance network for the continent, namely the project entitled Hospital in Europe Link for Infection Control through Surveillance (HELICS) 14, 15, 16, 17 .
The project began in 1995 with phase I (harmonized approach to HAI surveillance in surgery and ICU), and thus far four other phases have been planned (phase II -implementation of an HAI network with an association between surveillance, control, training, and research; phases III and IV -implementation of projects from phases I and II, respectively), which are still in the process of structuring and implementation. Important results include the establishment of surveillance protocols for the entire European region towards a unified network for HAI prevention and control 14, 15, 16, 17 .
In addition to the HELICS network, other European countries developed well-structured HAI surveillance systems, with important gains in HAI prevention and control, such as the Netherlands, UK, and Germany, setting up their own networks in 1996.
The Netherlands and UK formed large-scale studies in the 1980s and early 1990s toward the development of their national networks for HAI control and prevention: the Preventie van Ziekenhuisinfecties door Surveillance (PREZIES) in the Netherlands and the Nosocomial Infection National Surveillance Scheme (NINSS) in the UK 18, 19 .
Germany also formed its HAI surveillance system during the same decade, the Krankenhaus Infektions Surveillance System (KISS). Unlike the others, this network was designed without population-based studies, but rather on the basis of microbiology studies. Epidemiology was incorporated later 20 .
South America already provides good examples of HAI surveillance systems. One such system is the National Program for the Surveillance of Hospital Infections in Argentina (VIHDA). This official initiative by the Argentine Ministry of Health was launched in 2004 based on studies from the late 1990s and early 2000s, promoting the development of specific software for this purpose 21 .
Chile, Uruguay, and Colombia have also launched successful programs. Chile has had a national program for HAI surveillance since 1982 and has been organizing a national data network. Uruguay set up its national HAI surveillance system in 2006 and already presents biannual nationwide data. Colombia signed an agreement between various government agencies in 2010 to implement PREVINS (National Network for the Prevention, Surveillance, and Control of Healthcare-Associated Infections) 22, 23, 24 .
This history also includes some regional surveillance systems, such as the well-structured Victorian Nosocomial Infections Surveillance Systems (VICNISS) in Australia Although limited to HAI surveillance in only one region of the country, the system is functional and well-developed and produces important results, structured on the basis of studies in the 1990s and effectively implemented since 1999 25 .
Many of these systems stemmed from large prevalence studies on such infections. Thus, the establishment of HAI surveillance is a recent international phenomenon.
Operational aspects of HAI surveillance systems around the world HAI surveillance systems in various regions or countries are information mechanisms that collect, transfer, and analyze data. These data are collected by health services through surveillance modules with various components, such as monitoring infections associated with devices and/or procedures, process indicators, monitoring pathogens, issues related to health workers' safety, and others. These data are transferred between levels of government until reaching the central agency that processes and stores them and feeds the results back to the system to orient activities in evaluation and improvements in the control and prevention of such infections 10, 20, 26 .
The main characteristics of the existing systems around the world include some features that allow health institutions to choose the data they wish to monitor, incorporating so-called surveillance modules 10, 20, 26 . Participation by institutions in the systems is usually voluntary 21, 27 , and in some cases it is only mandatory for the surveillance of certain infections 10 . In the State of Victoria, Australia, for example, public hospitals are required to participate in the program, and since 2009 private hospitals may also participate on a voluntary basis, so that all the systems are generally fed by both public and private hospitals 26 . Data confidentiality is guaranteed by all the systems 10, 27, 28 (Table 1) .
Development of the surveillance methodology (notification criteria) is based on the pioneering United States system, which served as a model for other systems 20, 26, 27 . Data obtained by these system largely focus on incidence of HAI cases. In some situations they include monitoring process indicators and prevalence data. Participation time by health institutions varies among systems, according to the chosen surveillance module 10 (Table 1) .
Data are generally transferred between government levels electronically 10, 20, 21, 26 , but there are exceptional situations. For example, VICNISS allows sending data in other ways, including print format 25 . The periodicity of data transfer also varies between systems, with monthly collection as the most common approach. Table 1 Summary of operational characteristics of surveillance systems for healthcare-associated infections (HAI) in selected countries. Some systems validate the incoming data 27, 28 . Validation methods range from verification of data consistency through review of electronic forms or files to verification of the logical sequence of dates and genders for certain procedures 27 . Some systems periodically visit the reporting institutions as a way of validating the notification process 27, 28 .
Participating institutions generally have access to their own databank 27, 28 as a form of feedback. Results from the data can be generated by the service itself at any time 21, 27 or are sent periodically by the system in a general compilation that provides parameters for comparison with other institutions 26, 27 .
Challenges for the HAI epidemiological surveillance system in Brazil
In Brazil, as in other countries of South America, regulation and real concern over HAI control and prevention appeared in the late 1970s and early 1980s. This period was marked by the phenomenon's visibility in the national scenario, emphasized by the media, highlighting it as a serious problem in healthcare services 3, 4, 5 .
This context impelled the Brazilian government to plan and implement measures based mainly on legislation and that began to include guidelines for HAI control and prevention in healthcare workers' daily practice. However, as elsewhere, such actions were based on the presumed occurrence of HAI, while in fact no concrete data existed on the country's real situation 3, 4, 5 .
This troublesome position, along with an emerging international trend, raised concern among Brazilian health authorities over surveillance of this phenomenon; measures were thus launched, but only a decade after passage of the first specific legislation on the issue.
The main reference and the only major Brazilian study on HAI prevalence appeared in 1994. This study identified high rates of such infections (rate of patients with HAI: 13.1%; HAI rates by topography: respiratory 28.9%, surgical 15.6%, skin 15.5%, and urinary 11%), confirming the prior assumption 29 . However, this was a localized study that included 99 hospitals in State capitals and that worked with the Brazilian Unified National Health System (SUS), and the results failed to translate into the creation of a unified national system.
When the National Health Surveillance Agency (ANVISA) was created, government action for the control of infections was one of its responsibilities. However, unlike other communicable diseases, which are considered public health problems, HAI do not come under the aegis of the National Epidemiological Surveillance System of the Health Surveillance Secretariat/Ministry of Health. ANVISA entered this context during a time when there were few Brazilian studies on this theme, in addition to various other problems with HAI surveillance in the country, such as the lack of Hospital Infection Control Committees, scarcity of qualified human resources, lack of definition of notification criteria, and others. This situation raised numerous barriers to the formation of a properly functioning nationwide surveillance system 30, 31 .
Some projects established by ANVISA merit special attention, like the creation of the National Information System on the Control of Infections in Healthcare Services (SINAIS), software developed and distributed by the agency in 2004 as a HAI surveillance tool. However, although the system was available for four years, there was little adherence to its use, and maintenance of the system eventually ceased 32 .
Other activities aimed at the collection of epidemiological data not specific to HAI surveillance were also launched to collaborate with this monitoring. These included the RM Network (National Network for Monitoring Microbial Resistance in Health Services) and the National Network for the Investigation of Outbreaks and Adverse Events in Health Services (RENISS). However, as of the writing of this article (February 2013), the Microbial Resistance Network is inactive and RENISS only operates on an irregular basis 33, 34 . Together, these initiatives formed the principal group of Brazilian national attempts to standardize HAI surveillance in the country.
Regional projects have also received emphasis for their surveillance systems implemented to respond to the lack of an efficiently unified national system. São Paulo was the pioneering State in this process, through its Division of Hospital Infection at the Center for Epidemiological Surveillance, establishing a formally developed and functional structure for HAI surveillance 35 . The State of Paraná, through its Health Services Sanitary Division, developed specific software to obtain online information on these infections 36 .
ANVISA is currently preparing manuals on different issues in this public health problem, discussing indicators and preventive measures and strategies, besides information on the principal healthcare-related infectious syndromes in the attempt to standardize criteria and encourage prevention. Under the current HAI epidemiological surveillance model, notification to the Federal agency is designed through an online form called FormSUS 37 . Thus far, the principal focus has been primary bloodstream infections 38 .
Despite these strategies to unify national data, the different States are autonomous in this process and can therefore establish independent data collection models, thus favoring variation between standardized instruments for this purpose. The national HAI database is still scanty and lacks interface with other health information systems. The Brazilian government clearly intends to unify the flow and form of notification through the definition of national indicators and modes of data transmission with the FormSUS, but this process still suffers limitations 37 .
The lack of clinical and epidemiological data on HAI furnished by current systems in Brazilian healthcare makes this situation worrisome in relation to planning various actions 39 . Seeking national parameters for HAI prevention is definitely an indispensable measure. However, there is still the need for a specific national system that integrates the data in order to reveal the real magnitude of the problem in the country.
The challenge for the consolidation of this national surveillance system is huge. It is necessary to integrate currently successful models with incipient State-level systems in order to build a single system, without the need for duplicate data feeds (to the State and Federal levels).
The currently prevailing FormSUS, although somewhat useful for achieving advances in this area, is a provisional and preliminary situation, displaying inherent limitations in the project, since it was not meant to become a system, but a tool to support data transfer. In addition, its relationship to the regional models is not clear, and it functions separately, with no direct interface to the State-level data.
The main challenge is to establish dialogue between the existing State systems and the Federal system. Some State models work autonomously in relation to FormSUS. This situation generates duplicate work between spheres of government and hinders the strengthening of actions based on real data.
Brazil is a country with continental dimensions in which States use different data collection models for HAI. The States play an essential role in this process, since they provide the main link between the Federal and local governments, serving as a strategic communications channel. Thus, strengthening the State's role, valuing and actively including it in the system's development, besides negotiating outcome targets, can make a first step in this direction.
Another challenge is to train and organize HAI surveillance teams. Hospitals are legally required to establish hospital infection control committees, but some services fail to set up such teams while others merely do so to comply with the legislation, with insufficiently trained teams, often overloaded with tasks other than HAI surveillance 40, 41 .
This reality results partially from deficient standardization and lack of systematic audits. The legislation leaves gaps in these teams in terms of minimal training for managing epidemiological data and planning actions. We also lack knowledge on the real national situation with the workforce dedicated to HAI. There are important regional differences, which makes it particularly difficult to propose the ideal human resources for developing a national system 40, 41 .
Nevertheless, training these teams does not suffice. Structural support is needed with equipment, software, and other information technologies for this training process. It is indispensable to prepare the various surveillance teams in order for all the realities to interconnect in a streamlined and solid way in permanent monitoring. However, the reality of healthcare services in many places is very different from this process, leading us to reflect on the possibility of a national plan pursuing this target by improving the technological park for information in healthcare services 42 .
Studies are also needed to furnish a precise diagnosis of the characteristics of infection control services in Brazil. This diagnosis is essential for orienting and implementing a national HAI surveillance system, respecting the different levels of healthcare services' development in the country's various regions.
Data from this surveillance need to be generated, analyzed, and published urgently in order for approaches to be planned systematically. It is imperative to establish actions based on real Brazilian information and not only on international data. The country has its specificities, and continuous monitoring of HAI is a strategic requisite for prevention.
In summary, it is necessary and urgent to link the various government levels to promote an integrated information system; it is essential to promote training in epidemiological surveillance; it is strategic to develop incentives to improve the infrastructure to develop the work process in surveillance teams, and to contribute to strategies for the formation of systems in order to actually prevent and control HAI.
All these planned proposals in the search for a national HAI surveillance system should be factors that allow allocating this phenomenon within the scope of health policies in a country that effectively pursues quality in healthcare.
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